Description 



POSITION SENSING CYLINDER CAP FOR 
EASE OF SERVICE AND ASSEMBLY 

Technical Field 

This invention relates generally to a fluid cylinder, such as a 
hydraulic or a pneumatic cylinder or the like, and more particularly to a fluid 
cylinder including an embedded sensor and sensor electronics module for 
determining positional information for a rod of the cylinder. 

Background Art 

Known linkage systems utilizing fluid cylinders for changing link 
length and angular orientation typically utilize controls wherein information 
relating to the length and/or velocity of movement of one or more cylinder rods is 
required. The electrical aspects of control apparatus for such systems typically 
require the use of a variety of sensors, including, but not limited to, lever position 
sensors and linkage position sensors, and also utilize electro-hydraulic valves and 
an onboard electronic control module operable for executing a control strategy 
for linkage movement. A central portion of such control strategies is typically a 
linkage position input which can be embodied, for instance, in positional and/or 
velocity information for a cylinder rod. Such positional and velocity information 
is typically collected by a position sensor mounted on or in a subject fluid 
cylinder or on a linkage, and through the linkage kinematics one can translate 
linkage angle into cylinder length. Reliable data collection from such sensors has 
been found to be largely dependent on the ability to maintain the integrity of such 
sensors and the conductive element or other path of communication between the 
sensor and the system under adverse operating and environmental conditions, 
such as heat, cold, dust, dirt, and contact with rocks and other objects that can 



damage the sensor and/or its path of communication with other elements of the 
control system. 

Currently, to reduce the potential for damage to sensors from such 
operating and environmental factors, the sensors themselves are sometimes 
located within the cylinder housing or body. Reference in this regard, Chan et al. 
U.S. Patent No. 5,977,778 issued November 2, 1999 and assigned to Case 
Corporation of Racine, Wisconsin, which discloses a method and apparatus for 
sensing piston position including a transmitter/receiver unit mounted on a 
cylinder housing in communication with an internal cavity thereof for sensing the 
position of a piston of the cylinder and communicating via a conductive path to 
circuitry located externally to the cylinder for processing the signal data and 
generating an output signal representative of the piston position. Reference also 
Tellerman U.S. Patent No. 4,952,873 issued August 28, 1990 and assigned to 
MTS Systems Corporation of Eden Prairie, Minnesota, which discloses a 
compact head, signal enhancing magnetostrictive transducer mounted on a 
mounting head positionable in a tank, cylinder or the like for sensing a piston 
position or liquid level, which transducer is connected via one or more 
conductive paths to electronic circuitry for providing output signals indicative of 
a displacement. However, known systems such as these have been found to 
provide only a partial solution to the problems encountered as electronic 
components required for the operation of the sensors and transducers thereof 
remain externally located, and as a result sensor inaccuracies and even worse 
sensor failure is likely due to the cylinder and sensor being subjected to adverse 
operating and environmental factors. 

Moreover, it is typically required that the cylinder be physically 
robust and possess the ability to repeatably transfer a significant load between the 
ends of the cylinder. Such usage is common to implement bearing earthmoving 
machines, compactors and rams to name just a few. To ensure that the loads are 
suitably transferred by the cylinder in physically demanding environments which 



are associated with such cylinder usage, the cylinders are often unitary and may 
have limited bolted or removable joints. 

Accordingly, it is customary to use a cylinder body which includes 
a pair of end caps and is adapted to receive a rod therein. At least one of the end 
caps is typically bolted to the tube or cylinder body to provide proper transfer of 
force between the cylinder ends, in a trunnion mount cylinder design. Another 
type of cylinder is a clevis mount cylinder which includes a body and a piston 
and rod assembly therein. However, the end caps are generally welded to the 
body making the cylinder a unitary element and one which is often not readily 
serviceable without removing the cylinder from the machine or linkage to which 
it is attached. 

In view that many cylinder applications require robust usage 
which include suitable operation even if the cylinder is prone to impact and 
abrasion from rock, earth, slag, debris, etc. during use, in combination with the 
requirement that the cylinders include the ability to transfer significant force 
loads therethrough, it may be unacceptable to position the sensor or sensor 
electronics outside of the cylinder body even if an impact shield is positioned 
thereover. Further, cylinders such as trunnion mount designs may better facilitate 
service to a sensor mounted within the cylinder. 

Moreover, if it is attempted to at least partially conceal the sensor 
and/or sensor electronics within a sturdy outer structure, then it is often difficult 
to easily access the position sensor or sensor electronics when service is required. 
Unfortunately, if a position sensor needs to be serviced or replaced, it is often 
necessary to replace the entire cylinder unit at a significant expense to the 
machine owner or operator. 

Accordingly, the present invention is directed to overcoming one 
or more of the problems as set forth above. 



Summary of the Invention 

In one aspect of the present invention, an actuator arrangement is 
provided and includes a body, a piston assembly slideably disposed in the body, 
and a sensor arrangement including a sensor, a sensor electronics module, and an 
interactive element, the interactive element being moveable relative the sensor, 
wherein a position of the interactive element indicative of a position of the piston 
assembly is communicated to the sensor electronics module through the sensor. 
A housing assembly is provided and is attached to an end of the body and 
includes a sensor pilot portion. The sensor pilot portion in the housing assembly 
is structured and arranged to sealably receive the sensor electronics module 
therein, wherein the sensor electronics module is encased within the housing. 

The present invention further provides a trunnion mounted 
cylinder arrangement including a body, a piston assembly slideably disposed in 
the body, and a sensor arrangement including: a sensor, a sensor electronics 
module, and an interactive element, the interactive element being moveable 
relative the sensor, wherein a position of the interactive element indicative of a 
position of the piston assembly is communicated to the sensor electronics module 
through the sensor. A housing assembly is also provided and is attached to an 
end of the body and includes a sensor pilot portion. The sensor pilot portion in 
the housing is structured and arranged to sealably receive the sensor electronics 
module therein, wherein the sensor electronics module is encased within the 
housing. 

The present invention further provides a method of operating a 
fluid cylinder including a piston assembly slideably disposed in a body and a 
piston position sensor assembly adapted to be encased within and removably 
receivable within the fluid cylinder, the method comprising: moving the piston 
assembly along an axial reference within the body; sensing a piston position 
within a sensor portion of the piston position sensor assembly through 
communication between a sensor portion and an interactive element attached to 



-5- 



the piston assembly; telescopically receiving the sensor portion within the piston 
assembly; transmitting the sensed piston position to an encased sensor electronics 
module which is piloted along the reference axis within a pilot portion of a 
housing assembly attached to the body; and providing substantially no leakage of 
working fluid between a piston chamber and an area external thereto through a 
sealed engagement between the housing assembly and the sensor assembly. 

Brief Description Of The Drawings 

[12] The accompanying drawings, which are incorporated in and 

constitute a part of this specification, illustrate exemplary embodiments of the 

invention and, together with the description, serve to explain the principles of the 

invention. In the drawings, 
[13] Fig. 1 is a sectional view of a first embodiment of a fluid actuator 

assembly according to the present invention, showing the housing and position 

sensor assembly in exploded view format; 
[14] Fig. 2 is a fragmentary cross-sectional view of a second 

embodiment of a fluid actuator assembly; 
[15] Fig. 3 A is a fragmentary cross-sectional view of a third 

embodiment of a fluid actuator assembly; 
[16] Fig. 3B is a fragmentary cross-sectional view of a fourth 

embodiment of a fluid actuator assembly; 
[17] Fig. 3C is a perspective view of a housing assembly including a 

position sensor assembly therein of a fifth embodiment of a fluid actuator 

assembly, showing the housing assembly partially sectioned; 
[18] Fig. 3D is a perspective view of a housing assembly of an 

alternative embodiment of a fluid actuator assembly; 
[19] Fig. 3E is a fragmentary cross-sectional view of the housing 

assembly of the fluid actuator assembly of Fig. 3D; 
[20] Fig. 4 A is a fragmentary cross-sectional view of a sixth 

embodiment of a fluid actuator assembly; and 



Fig. 4B is a fragmentary cross-sectional view of a seventh 
embodiment of a fluid actuator assembly. 

Although the drawings represent embodiments of the present 
invention, the drawings are not necessarily to scale and certain features may be 
exaggerated in order to better illustrate and explain the present invention. The 
exemplifications set out herein illustrate several embodiments of the invention, 
and such exemplifications are not to be construed as limiting the scope of the 
invention in any manner. 

Detailed Description 

Reference will now be made in detail to embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same or corresponding reference numbers will be used 
throughout the drawings to refer to the same or corresponding parts. 

Referring to Fig. 1, a first embodiment of a fluid actuator 
arrangement 10a according to the present invention is shown and includes a body 
12 and a piston assembly 14 connected with a rod assembly 16. Although the 
actuator assembly 10a may be depicted as a trunnion mount actuator it is 
envisioned that the present invention is equally applicable to other types of 
actuators such as clevis mount actuators or any other actuator known to those 
having ordinary skill in the actuator arts. Rod assembly 16 includes a rod 17 
which is slideably disposed within the body 12 of the actuator. 

The actuator assembly 10a may include a pair of mounting bosses 
18, 20, or a trunnion, projecting radially, outwardly from the body 12, and the rod 
17 may be attached to an eye or rod mount 22. In operation, for example, the 
mounting bosses 18, 20 may be retained in a receiving mount (not shown), such 
as a pillow block or a yoke, such that the cylinder would be rotatable about a 
transverse reference axis 23. The rod mount 22 may be fastened about a rod or 
pin which is allowed to freely rotate within the rod mount 22. 



The actuator assembly 10a may further include a sealed guide 24 
which encloses an end of the body 12 and may include packing (or a wear ring) 
26, a buffer seal 28, a back-up seal 30 (or a U-cup), a dust seal 32 (or wiper), and 
an O-ring 33, as is customary. At the other end of the actuator 10a, the piston 
assembly 14 includes a piston 34 having a piston seal 36 and a wear ring 37 
therein. A nut 38 (or a bolt) ensures that the piston 34 is secured to the rod 17. It 
may be seen that upon introduction of a pressurized working fluid, such as 
hydraulic fluid, into a port 40, and thereafter into a piston chamber 44, the rod 
assembly 16 is urged to extend along an axial reference axis 45. In contrast, 
introduction of hydraulic fluid (or other pressurized fluid) into port 42, 
simultaneously with the discharge of fluid from the port 40, causes the rod 
assembly to retract and return to the shown position (Fig.l). 

The actuator assembly 10a further includes a housing assembly 
46a and a position sensor arrangement or assembly 48 protectively sandwiched 
between the body 12 and the housing assembly 46a. The sensor assembly 48 
includes an elongate sensor 49 including a pressure pipe 50 which is attached to a 
cylindrical sensor body 52 through a brazed attachment, for example. Within the 
sensor body 52 is a sensor electronics module 54, which may be centrally 
positioned and aligned within the sensor body 52. Since known magnetostrictive 
sensors typically include a large bulky sensor electronics module mounted 
outside of the cylinder body, such sensors were particularly prone to damage and 
premature wear due to external influences (such as rocks, earth, etc.) being thrust 
upon the module. 

In contrast, in the exemplary embodiment, the sensor electronics 
module 54 is itself encased within the sensor body 52 and, in turn, the sensor 
body 52 is encased within the housing assembly 46a. Thus, the sensor assembly 
48 is protected from environmental conditions including, but not limited to, 
moisture, dirt, dust, and contact with objects that can damage module 54 such as 
rocks and the like. Another advantage is that the conductive path connecting 



module 54 with the sensor 49 is relatively short and also effectively embedded 
and protected, such that external signal noise which can interfere with the 
torsional strain wave pulse is minimized, it being well known that such signals 
can be difficult to discriminate from external interference noise, even with 
advanced circuitry. External noise interference, however, is not generally a 
problem in relation to typical position signals outputted by the sensor electronics 
module. 

The sensor assembly 48 may be disposed in a pilot opening 58 (a 
sensor pilot portion) of the housing assembly 46a. The sensor 48 may be a 
conventionally operable magnetostrictive type sensor typically used for 
determining the position of an object such as the piston or rod assemblies 14, 16 
relative to another object or location (e.g., the cylinder body 12), and includes the 
pressure pipe 50 mounted thereto and extending axially into the piston chamber 
44. Pressure pipe 50 is cooperatively telescopically received within an axial 
passage 57 extending into and through at least a portion of the piston assembly 14 
or the rod assembly 16, such as the rod 17. The pressure pipe 50 may contain a 
conventionally constructed and operable magnetostrictive element or waveguide 
(not shown) that interacts with an interactive element 59 such as an annular 
magnet, for example, mounted within the piston assembly 14 or the rod assembly 
16, such as the rod 17, as described hereinbelow. 

Briefly, the waveguide may consist of a wire (not shown) which is 
connected to the sensor 48 and extends through the pressure pipe 50. 
Accordingly, the sensor assembly 48 is operable for generating current pulses 
which are sent through the wire. The interactive element 59 encircles the 
pressure pipe 50 and includes a magnetic field which interacts with the current 
pulse causing a torsional pulse in the waveguide which is transmitted as a 
torsional strain wave that has a time period and which is reflected back to the 
sensor 49. The torsional strain wave is sensed by a mode converter or other 
conventional sensor element in the sensor 49 which generates an output signal. 



This output signal is then communicated to the sensor electronics module 54 
which compares the strain wave to the time of launch of the current pulse causing 
the torsional strain wave and determines the distance to the magnet 59 from the 
converter. The sensor electronics module 54 determines the time interval 
between the application of the current pulse and the reception of the torsional 
strain wave by the converter or other sensor element to indicate the position of 
the magnet (and, therefore, the piston assembly 14 and the rod assembly 16) and 
output a position signal representative thereof. The sensed position signal is 
transferred or communicated to a control center, such as an electronic control 
module (ECM), for example through the wires 56. 

Since substantially all of the sensor electronics may be compactly 
housed within the sensor body 52, the sensor body, in turn, may be built into the 
pilot opening 58 of the housing assembly 46a. The sensor body 52 includes an 
outer surface 60 which engages a cylindrical wall 62 defining the pilot opening 
58. It may be seen that a seal groove 64 is provided within the outer surface 60 
of the sensor body 52. Accordingly, a seal assembly 66, such as an O-ring and 
back-up ring combination may be disposed within the groove 64 for an effective 
high pressure seal between the piston chamber 44 and a dead space 63 located 
immediately behind the sensor assembly 48. 

The housing assembly 46a includes a face 68, and a groove 70 is 
provided therein to accommodate an O-ring 72. The body 12 of the actuator 
assembly 10 includes an end 76 having a face 78 thereon which sealingly abuts 
with the O-ring 72 within the housing assembly 46a. A plurality of fasteners 80 
may removably connect the housing assembly 46a with the body 12. It may be 
seen that an access opening 74 is provided within the housing assembly 46a to 
allow the wires 56 to exit the housing assembly 46 a. 

The rod assembly 16 includes the ring shaped magnet 59 provided 
within a first bore 82 within an end 88 of the rod 17. An annular spacer 84 may 
be provided between the magnet 59 and a retaining ring 86 to protect the magnet 
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from being damaged during assembly. Alternatively or additionally, the magnet 
59 may be overmolded to protect the magnet from being damaged during 
assembly. The retaining ring 86 is engaged within a second bore 90 provided 
within the end 88 of the rod 17. Alternatively, it is envisioned that the end 88 of 
the rod 17 may include female threads which may accommodate the annular 
magnet captured between a male threaded fastener engaged within the female 
threads of the end 88 of the rod 17. Other means of capturing the magnet 59 
within either the rod or the piston assembly which are known to those having 
ordinary skill in the art are contemplated by the present invention. 

Referring to Fig. 2, a second embodiment of a fluid actuator 10b is 
shown and includes a stepped portion 96 of the housing assembly 46b attached to 
an end 94 of the body 12. The body 12 and the housing assembly 46b may be 
integrally attached, for example by a welded joint 98 or other known sealed 
attachment means which may be customarily used. A second end 100 of the 
housing assembly 46b includes a groove 102 to accommodate an O-ring 104 
disposed therein. The housing assembly 46b further includes a cover 106 in 
sealed abutment with the end 100 through the O-ring 104. A plurality of 
fasteners 108 is provided to attach the cover 106 to the end 100 of the housing 
46b. A spacer 1 10 is provided within the pilot opening 58 to ensure that there is 
insignificant movement of the sensor body 52 in the axial direction. The spacer 
110 may be, for example, a C-shaped spacer that is arranged to allow wires 56 to 
pass therethrough. Further, a set screw (not shown) may be threaded radially 
through the housing 46b and engaged with an indentation 112 provided within 
the surface 60 of the sensor body 52. It may be seen that a centerline reference 
axis 1 14 of the sensor body 52 may be offset relative to the axial reference 45 
coinciding with the sensor 49 and may be in alignment with the center of the 
sensor body 52. Thus, as illustrated in Fig. 2, the sensor body 52 and/or the 
sensor electronics module 54 may be piloted along the axial reference 45 and 
may be piloted in an offset position with respect to the axial reference 45. This 
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offset allows for additional space for the fluid port 40 and also serves to limit 
rotational movement of the sensor body 52 relative to the housing 46b, that is, if 
the set screw (not shown) is either not used or becomes loose. 

Referring to Fig. 3 A, a third embodiment of a fluid actuator 10c is 
shown and includes a two-part housing 46c including a first housing portion 115 
and a second housing portion 117. The second portion 1 17 of the housing 46c 
includes a recessed opening 116 provided therein. It will be understood that 
when it is desired to service or remove the sensor assembly 48, the second 
portion 117 may be removed to expose an extended end portion 118 of the sensor 
body 52. In so doing, the sensor 48 may be easier to be removed. The actuator 
assembly 10c may also include a back-up seal 122, which may be provided in a 
groove 120 within the end 118 of the sensor body 52. If, for example, the seal 
assembly 66 were to fail then the back-up seal 122 would prevent fluid from 
entering the dead space 63 and ultimately leaking from the actuator assembly. 
The first and second housing portions 115,117, which may be attached by one or 
more fasteners 121, such as threaded fasteners, may be sealed through an O-ring 
123. The O-ring 123 may fit within an O-ring groove 125 that is provided within 
the first housing portion 1 15 (as shown in Fig. 3 A) or the second housing portion 
117. It should be appreciated that while the O-ring 123 and the O-ring groove 
125 are shown in Fig. 3 A as being disposed radially inward of the fasteners 121, 
the O-ring 123 and the O-ring groove 125 may, alternatively, be disposed radially 
outward of the fasteners 121. 

As illustrated in Fig. 3 A, the first housing portion 115 may include 
a stepped portion 202 so that a portion 204 of the sensor assembly 48 may extend 
into the piston chamber 44 without interfering with the piston 34. Alternatively 
or additionally, a portion of the piston assembly 14 may extend toward the first 
housing portion 115 (Fig. 5) without contacting or damaging the first housing 
portion 115. For example, as shown in Fig. 5, an alternative arrangement for 
connecting the piston 34 to the rod 17 may be provided. In such an arrangement, 
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the rod 17 may include a counterbore 206 for receipt of a bolt 210 therein. The 
bolt 21 0 may extend through an opening 21 1 in the piston 34, and threads 212 on 
the bolt 210 may engage complimentary threads 214 within the counterbore 206 
of the rod 17 so that the piston 34 is attached securely to the rod 17. A washer 
216 may be provided between the head 217 of the bolt 210 and the piston 34. 
The bolt 210 may have an axial bore 218 therein to allow passage of the sensor 
49 therethrough. The bolt 210 may further include a counterbore 220 at one end 
thereof for receipt of a carrier 222, which may carry the interactive element 59. 
The carrier 222 may include a first bore 224 for receipt of the interactive element 
59 therein. The carrier may further include a second bore 226 for receipt of a 
retainer ring 228 therein, which may be press-fit or otherwise held within the 
second bore 226 in order to retain the interactive element 59 within the first bore 
224. As indicated in Fig. 5, the carrier 222 may be protected within the 
counterbore 206 of the rod 17. Moreover, the carrier 222 may be secured within 
the counterbore 220 of the bolt 210 by, for example, a threaded engagement 230 
with the bolt 210. 

Referring to Fig. 3B, a fourth embodiment of an actuator assembly 
lOd differs from actuator 10c shown in Fig. 3 A, inter alia, by including a 
compression member or ring 124 such as a compressible metallic gasket, for 
example. The compression ring 124 is positioned between an end wall 127 
within the first housing portion 115 and an end face 129 of the sensor body 52. 
The addition of the compression ring allows variance in machining and assembly 
tolerance stack-up as well as avoiding significant and undesirable compression 
loads on the sensor body 52 due to the sensor 48 being bolted between the halves 
of the housing. 

Referring to Fig. 3C, a housing assembly 46e for a fifth 
embodiment of an actuator assembly is shown. The housing assembly 46e differs 
from the housing assembly 46c (shown in Fig. 3A) by, inter alia, the sensor body 
52 being substantially, entirely enclosed within the second housing portion 1 17e. 
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In so doing, during maintenance of the actuator, for example, the second housing 
portion 1 17e may be removed with the sensor assembly 48 and reworked on the 
bench rather than at the job site, while the remainder of the actuator assembly 
may remain on the machine or linkage to which it is attached. The first housing 
portion 1 15e includes a stepped portion 126 which is adapted to receive a guide 
portion 128 of the second housing portion 1 17e. An O-ring groove 130 is 
provided in the guide portion 128 and an O-ring 132 is disposed within the 
groove 130 such that a sealed engagement is formed between the housing 
portions 1 15e and 1 17e. It may be seen that a roll pin 134 is engaged within a 
hole 135 provided in the second housing portion 1 17e. An axially disposed slot 
136 is provided within the surface 66 of the sensor body 52 to be engaged with 
the roll pin 134 to align the sensor body 52 within the housing assembly 46e. In 
an exemplary embodiment the port 40 may be machined to include an axial bore 
138 intersecting with a radial bore 140. In placing the port in front of the sensor 
body 52, the sensor body may no longer require an offset between the centerline 
axis relative to the axial reference axis. However, if overall axial length of the 
actuator is limited, the offset sensor body in combination with an overlaying port 
configuration may be necessary. A wire guard 141 may be externally attached to 
the housing assembly 46e to protect the wires from pullout and potentially 
disruptive external influences. In addition, a mounting plate 143 may be 
mounted between the wire guard 141 and the housing assembly 46e to provide 
support for a connector 168, which may be mounted to the mounting plate 143. 
The mounting plate 143 may also have an aperture 145 therein for passage of 
wires 56 therethrough. A grommet 146 may be provided within the aperture 145 
to secure the wires within the aperture 145. 

Referring to Figs. 3D and 3E, an alternative embodiment of a 
housing assembly 46h for an actuator assembly is shown. The housing assembly 
46h includes a first housing portion 1 15h, which may be substantially similar in 
design and configuration to the first housing portion 1 15e shown in Fig. 3C. The 



-14- 



housing assembly 46h further includes a universal second housing portion 1 17h 
that may be easily modified for application to housing assemblies and actuator 
assemblies having different dimensions. The universal housing portion 1 17h may 
include a base portion 160, which may include a guide portion 128h extending 
therefrom for insertion into a stepped portion 126h of the first housing portion 
1 1 5h. It should be appreciated that the base portion 160 and/or an extension or 
neck portion 164 extending therefrom may be configured to have a smaller 
diameter (or other circumferential or cross-sectional dimension) than the first 
housing portion 1 15h so that the universal housing portion 1 17h is formed with 
less material than if it had the same diameter as the first housing portion 1 15h. 
Therefore, the universal housing portion 1 17h may be smaller and may be formed 
with less material than the second housing portion 1 17e shown in Fig. 3C. It 
should be appreciated that the base portion 160 may have a slightly larger 
diameter (or other circumferential dimension) than the guide portion 128h. 

The universal housing portion 1 17h may include an extension or 
neck portion 164, which may extend, for example in a radial direction, from the 
base portion a desired distance D (Fig. 3D). It should be appreciated that the 
neck portion 164 may be originally configured to extend a distance longer than 
the distance D and may be machined down to a desired distance D during 
manufacturing or assembly, for example so that the neck portion 164 extends just 
slightly beyond an outer portion or edge 172 of the first housing portion and/or an 
outer portion or edge (not shown) of the actuator assembly. Thus, a single 
universal housing portion 1 17h may be easily modified to be used with housing 
assemblies and actuator assemblies having different dimensions. In the 
embodiment shown in Figs. 3D and 3E, for example, the neck portion 164 may 
have been machined down to a distance D from an original distance Dl that was 
longer than distance D. By machining the neck portion 164 down to a desired 
distance D, a guard member 141h, a connector 168, and/or wires 56h associated 
with a sensor body 52 may be mounted atop the neck portion 164 such that the 
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guard member 141h, connector 168, and/or wires 56h may (i) clear an outer 
portion or edge 172 (such as a welded area, for example) of the first housing 
portion 1 15h and/or an outer portion or edge of the actuator assembly (not 
shown), and (ii) not extend significantly beyond the edge 172. Thus, a single 
universal housing portion 1 17h originally configured with a neck portion 164 
having an original distance Dl may be easily modified (e.g., shortened) to be 
applied to housing assemblies and/or actuator assemblies having different 
diameters or dimensions. For example, if the diameter of a first housing portion 
was longer or shorter than the first housing portion 1 15h shown in Figs. 3D and 
3E, the universal housing portion 1 17h may be left longer or machined to a 
shorter distance D, respectively, as desired. Such a universally applicable, easily 
modifiable housing portion 1 17h may provide a cost savings by (i) reducing the 
amount of material required for a housing portion 117, and (ii) reducing the 
number of different housing portions 117 used over a full product line of housing 
assemblies and/or actuator assemblies having different diameters and dimensions. 

In addition or alternative to one or more access openings 74h 
communicating with a pilot opening 58h and terminating atop the universal 
housing portion 1 17h, one or more axial passages 144h may communicate with 
the pilot opening 58h and may terminate at an end 142h of the universal housing 
portion 1 17h. During disassembly of the actuator assembly shown in Figs. 3d 
and 3e, the universal housing portion 1 17h may be separated from the first 
housing portion 1 15h, and a rod member (not shown) may be inserted through 
one or more of the axial passages 144h (toward the direction of the first housing 
portion 1 15h as illustrated in Fig. 3e) to push the sensor body 52 out of the pilot 
opening 58h of the universal housing portion 1 17h. It should be appreciated that 
each axial passage 144h (or access opening 74h) may be sealed with a plug 174 if 
the axial passage (or access opening) is not being used. A set screw arrangement 
175 may also be provided within the housing portion 1 17h for ensuring that the 
sensor body 52 is held firmly in place within the pilot opening 58h. 
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Referring to Fig. 4A, a sixth embodiment of an actuator assembly 
lOf is shown and differs from the actuator assembly lOd (Fig. 3B) by, inter alia, 
including a modified second housing portion 1 17f. The second housing portion 
1 17f includes an end 142 having an axial access passage 144 therethrough to 
allow the wires 56 to exit the housing assembly 46f A grommet 146 is engaged 
within a bore 148 to seal the wires 56 relative the second housing portion 1 17f. 
In so doing, the dead space 63 is protected from the environment (moisture, dust, 
etc.). 

Referring to Fig. 4B, a seventh embodiment of an actuator 
assembly lOg is shown and differs from the actuator assembly 1 Of (Fig. 4 A) by, 
inter alia, including modified first and second housing portions 1 15g, 1 17g which 
provide for substantially enclosing the sensor body 52 within the first housing 
portion 117g. 

Industrial Applicability 

In operation, the exemplary actuator assemblies, each including a 
piston assembly slideably disposed in a body and a piston position sensor 
assembly being encased within and removably receivable within the actuator 
cylinder, provide for moving the piston assembly along an axial reference within 
the body when pressurized fluid is introduced into at least one of the ports 40, 42. 
The actuator assemblies further provide for sensing a piston/rod position within a 
sensor portion of the piston position sensor assembly through communication 
between (i) a sensor of the piston position sensor assembly telescopically 
received by the piston assembly and/or the rod assembly and (ii) the interactive 
element attached to the piston assembly; transmitting the sensed piston position 
to an encased sensor electronics module which is piloted along the reference axis 
within a housing; and providing substantially no leakage of working fluid 
between a piston chamber and an area external thereto through a sealed 
engagement between the housing assembly and the body. 
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By encasing the sensor body, which includes the sensor 
electronics module therein, within a pilot opening aligned with the piston 
chamber, maintainability and serviceability are significantly improved over 
known actuators. Additionally, since ease of access and removal of the sensor 
assembly is significantly improved, then costs associated with system downtime 
and extensive maintenance may be avoided. 

Moreover, the actuator assemblies of the present invention are 
adapted for use with a wide variety of sensors of different sizes, shapes and types 
in addition to the magnetostrictive sensors shown and discussed hereinabove used 
for determining piston and rod assembly position relative to the body 12, as well 
as for other purposes. The sensors disposed or embedded in the sensor port or 
passage of the cylinder, as well as the sensor electronics module, can have a wide 
variety of different shapes and sizes, and can be securely mounted in the sensor 
port or passage using, for instance, frictional engagement, adhesives, and/or 
conventional mechanical fasteners and the like. Similarly, the present invention 
is contemplated for use with a wide variety of fluid cylinder constructions in 
addition to those disclosed and illustrated herein, including cylinders having a 
wide variety of different port configurations and locations, as well as different 
means for attachment to a linkage system. 

Other aspects, objects and advantages of the present invention can 
be obtained from a study of the drawings, the disclosure, and the appended 
claims. 



